Rationale Perinatal exposure of rats to selective serotonin reuptake inhibitors (SSRIs) produces sensory and social abnormalities paralleling those seen in autistic spectrum disorders (ASDs). However, the possible mechanism(s) by which this exposure produces behavioral abnormalities is unclear. Objective We hypothesized that the lasting effects of neonatal SSRI exposure are a consequence of abnormal stimulation of 5-HT 1A and/or 5-HT 1B receptors during brain development. We examined whether such stimulation would result in lasting sensory and social deficits in rats in a manner similar to SSRIs using both direct agonist stimulation of receptors as well as selective antagonism of these receptors during SSRI exposure. Methods Male and female rat pups were treated from postnatal days 8 to 21. In Experiment 1, pups received citalopram (20 mg/kg/day), saline, (±)-8-hydroxy-dipropylaminotetralin hydrobromide (8-OH-DPAT; 0.5 mg/kg/day) or 7-trifluoromethyl-4(4-methyl-1-piperazinyl)-pyrrolo[1,2-a ]-quinoxaline dimaleate (CGS-12066B; 10 mg/kg/day). In Experiment 2, a separate cohort of pups received citalopram (20 mg/kg/day), or saline which was combined with either
Introduction
Selective serotonin reuptake inhibitors (SSRIs) are the pharmacological treatment of choice for depressed pregnant mothers and/or children with these disorders. This is largely due to their low perceived toxicity to mother, fetus and infant (Cohen et al. 2004; Wisner et al. 2000) . However, studies of placental transfer of SSRIs and their metabolites in infants exposed during pregnancy have shown umbilical cord to maternal serum concentrations ratios in the range of 0.29 to 0.89 (Hendrick et al. 2003; Hostetter et al. 2000) . In fact, a large fraction of infants exposed to SSRIs in utero display signs of antidepressant withdrawal in first few weeks of their life (Laine et al. 2003; Nordeng et al. 2001; Sanz et al. 2005) , indicating that the fetus can be exposed to neurobiologically relevant doses of these drugs. However, despite these indications of biologically significant exposure to SSRI medication, the effects of these treatment into adult life are unknown inasmuch as no study has followed such children beyond early childhood (<72 months).
Hyperserotonemia is reported in approximately 30 % of individuals diagnosed with autistic spectrum disorders (ASDs) (Cook et al. 1993; Cook 1996; Anderson et al. 1990; Veenstra Vander Weele et al. 2002) . In fact, it has been suggested that abnormalities in serotonin metabolism during development may be one of the most important factors contributing to ASD. Recently, Croen et al. (2011) demonstrated an increased incidence of ASDs among children exposed early in gestation to SSRI antidepressants. This raises the disturbing possibility that developmental exposure to drugs such as SSRIs which alter serotonin metabolism may have lasting unintended neurodevelopmental consequences.
Beginning in 1981, several groups established that brief early life exposure of rats to tricyclic antidepressants such as clomipramine could result in lasting alterations in behavior. Rats exposed to these drugs from postnatal days 8 to 21 (PN8-21) displayed adult (>PN90) behavioral abnormalities including deficits in male sexual behavior, sleep abnormalities, diminished shock-induced aggression, increased voluntary alcohol consumption, locomotor hyperactivity and increased immobility in the forced swim test (Hansen et al. 1997; Hilakivi et al. 1984; Maciag et al. 2006a, b; Mirmiran et al. 1981; Neill et al. 1990; Vogel et al. 1988 ). However, due do the lack of pharmacological specificity of the drugs being used, it was very difficult to establish a neurobiological mechanism for these behavioral abnormalities.
Our group has been able to take advantage of the highly specific SSRI antidepressants now available, such as citalopram, to more precisely probe the neurobiological mechanisms that underlie the lasting behavioral effects of early life exposure (PN8-21) to antidepressants (Maciag et al. 2006a) . Using this paradigm, we have demonstrated that early life SSRI exposure results in specific disruption of sensory systems, reduced novelty-seeking behavior, and disruption of both the juvenile and adult social behavioral repertoire (RodriguezPorcel et al. 2011) . In addition, the behavioral abnormalities are accompanied by a highly reproducible constellation of neurobiological changes including reductions in the expression of key enzymes in the synthesis and reuptake of serotonin as well as abnormalities in serotonin axonal projections to forebrain structures (Maciag et al. 2006a; Weaver et al. 2010; Simpson et al. 2011; Lu et al. 2012) . Despite this progress, the possible mechanism(s) by which SSRI exposure during a critical period of development produces behavioral and neurobiological abnormalities is unclear. Serotonin is well known to play a major trophic role in brain morphogenesis, particularly in the development of sensory cortical projections. In the rat serotonergic neurons appear early in development at 12 days of gestation (reviewed by Kiyasova and Gaspar 2011) , while in humans they are evident at 5 weeks of gestation (reviewed by Kinney et al. 2011) . Peak synaptogenesis ends in rats by PN21 (Aghajanian and Bloom 1967; Jacobson 1991) and in humans by 4 years of age (Chugani 1998) . Likewise, serotonin tranporter (SERT) protein is poorly expressed prenatally but undergoes a massive proliferation and subsequent "pruning" in the 5-6 weeks after birth (Hansson et al. 1998; Zhou et al. 2000) . Moreover, the development of the somatosensory, auditory as well as olfactory circuits is closely tied to both transient expression of SERT and serotonin uptake as well as increased expression of serotonin and its receptors in somatosensory, auditory cortex (Egaas et al. 1995; Lebrand et al. 1996 Lebrand et al. , 1998 Hansson et al. 1998 ) and olfactory bulb (McLean and Shipley 1987a,b) .
Inhibiting serotonin reuptake in neonatal rats would be expected to increase synaptic concentrations of serotonin and result in increased stimulation of serotonin receptors during a critical period of development. Serotonin 1A and 1B (5-HT 1A and 5-HT 1B ) receptors as autoreceptors and heteroreceptors have been implicated in regulation of serotonergic and non-serotonergic neuronal activity including cell firing and neurotransmitter release (Hoyer et al. 2002) . We hypothesized that the long-term effects of neonatal SSRI exposure are a consequence of abnormal stimulation of 5-HT 1A and/or 5-HT 1B receptors as a result of increased synaptic concentrations of serotonin during brain development. The present experiments were designed to test whether selective activation of 5-HT 1A or 5-HT 1B receptors in early life results in lasting sensory and social deficits in rats comparable to those previously observed after neonatal exposure to SSRIs. To address this aim, we firstly determined whether neonatal exposure to a 5-HT 1A or 5-HT 1B receptor agonist at pharmacologically active doses can produce lasting disruptions of social and sensorimotor behaviors as are observed after neonatal treatment with SSRIs. Furthermore, if as hypothesized, early life activation of 5-HT 1A or 5-HT 1B receptors, by increased extracellular serotonin due to SERT inhibition is the initiating event that results in the behavioral effects of early SSRI exposure, we anticipated that co-treating rats with an SSRI and an antagonist at one of the receptor subtypes will permit the increased serotonin in the synaptic cleft to stimulate only the non-antagonized receptor. Thus, in our second experiment, we determined whether co-treatment of SSRI exposed neonatal rats with 5-HT 1A or 5-HT 1B antagonists, mimics the behavioral effects of SSRI and 5-HT 1B or 5-HT 1A receptor agonists, respectively.
Materials and methods

Design
Both male and female offspring of timed-pregnant LongEvans rats were used in these experiments. Animals were housed in a partially reversed light: dark cycle (lights on at 12:00AM, lights off at 12:00PM) with ad libitum access to food and tap water. All procedures were approved by the UMMC Animal Care and Use Committee and complied with AAALAC and NIH standards. Pups were cross-fostered between adult females on PN2, as necessary to produce litters of 12-14 pups. On PN6-7, pups were tattooed for identification. Each litter included at least one pup in each treatment group. At PN28 pups were weaned and housed in groups of 2-3 per cage under standard laboratory conditions with unrestricted access to food and water.
For Experiment 1, rat pups were injected subcutaneously with citalopram (CTM; Toronto Research Chemicals, Toronto, Canada), (±)-8-hydroxy-dipropylaminotetralin hydrobromide (8-OH-DPAT, 5-HT 1A agonist; Tocris, Ellisville, MO, USA), 7-trifluoromethyl-4(4-methyl-1-piperazinyl)-pyrrolo[1,2-a ]-quinoxaline dimaleate (CGS-12066B, 5-HT 1B agonist; Tocris) or saline in a volume of 0.1 ml twice daily (06:00 and 12:00 hours) from PN8-PN21 (total daily dose of CTM= 20 mg/kg; 8-OH-DPAT = 0.50 mg/kg; CGS-12066B = 10 mg/kg). This time window corresponds roughly from late stages of gestation to first 3 years of postnatal life in humans (Maciag et al. 2006a) . The rationale behind the CTM dose was based on similar blood serum levels detected in humans (Bjerkenstedt et al. 1985) and rodents (Kugelberg et al. 2001 ) and, similar dosages have been used in our previous rodent studies (Maciag et al. 2006a; Weaver et al. 2010; Simpson et al. 2011) .The doses for agonists were chosen from extensive literature review as resulting in ED 50 or greater pharmacological response in vivo in rats with 10-fold or greater selectivity for the 5-HT 1A and 5-HT 1B receptors, respectively (Frambes et al. 1990; Frances and Monier 1991; Gonzalez et al. 1996; Tohyama et al. 2002) . Similarly, for Experiment 2, rat pups were injected with citalopram alone or in combination with
, 5-HT 1B receptor antagonist; Tocris) or saline in a volume of 0.1 ml twice daily (06:00 and 12:00 hours) from P8-21 (total daily dose of CTM=20 mg/kg; WAY-100635=0.6 mg/kg; GR-127935=6 mg/kg). The doses were based on previous literature as effective in blocking the 5-HT 1A and 5-HT 1B receptors, respectively (Invernizzi et al. 1996; Hjorth et al. 1997; Fletcher et al. 2002) .
Behavioral testing
Behavioral testing was conducted on rats during the dark phase of the light-dark cycle. The methodology for the conductance of the behavioral procedures has been described in detail previously .
Freezing response to novel tone On PN22 rats were placed individually into locomotor activitymonitoring units (infrared photodetector units, Opto-Varimex; Columbus Instruments) for 6 min. After 120 s acclimation (ambient sound level ≤30 dB), a tone (radio tuned to static-sound level in testing area=70 dB) was turned on for 120 s. A final 120 s observation without tone (ambient sound level ≤ 30 dB) was included to test recovery from tone exposure. Data was analyzed for time spent immobile during the 6-min period.
Locomotor activity
At intervals during development after weaning (PN 30, 60, and 100) rats were individually placed in to the locomotor activity-monitoring units for 20 min. Data were analyzed for time ambulating, zone of activity, distance travelled, and rearing.
Juvenile play behavior
Between PN24 and PN28, pups were tested for the appearance and sequence of juvenile play behavior. Prior to testing, pups were isolated for 3.5 h and later paired within gender and treatment groups with novel conspecifics of comparable weight and video recorded for 15 min. The pups were then returned to their home cage. Using a video scoring program (Noldus Observer XT Ver. 10.5), we recorded play behaviors (pinning, boxing/wrestling, following/chasing) associated with social play in peri-adolescent rats (Panksepp et al. 1984; Pellis and Pellis 1998) . In addition, we also recorded the frequency/duration of time spent in stereotypic behaviors, and frequency of rearing. Stereotypic behavior was defined to be the repetitive vertical head movements exhibited by the rat pups.
Object-conspecific preference At PN45 and PN85, rats were tested for preference between a novel conspecific rat and a novel inanimate object. Rats to be tested were placed in the test chamber that contained a perforated Plexiglas enclosure at each end which the rat could see, touch and smell, but could not enter and video recorded for 10 min for time spent in proximity and contacts with perforated wall of the chamber containing either the conspecific rat or the inanimate object. Data was analyzed for the ratio of contact with the conspecific rat enclosure vs. contact with the novel inanimate object enclosure.
Statistical analysis
All data were analyzed with single-factor (drug treatment) analysis of variance (ANOVA). ANOVA for Locomotor Response to Tone included a repeated measure (tone condition) in addition to the drug treatment factor. Between-group comparisons were conducted with Fisher's least significant difference test (Juvenile Play and Object-Conspecific Preference) or contrast analysis with a univariate F -test (Locomotor response to tone). Data were deemed significant when p <0.05. The behavioral response of both genders did not differ significantly and were therefore pooled for the purpose of analysis and presentation.
Results
Experiment 1. Effect of neonatal exposure to SSRI (CTM), 5-HT 1A (8-OH-DPAT) and 5-HT 1B (CGS-12066B) receptor agonists on social/sensory response behaviors
Freezing response to a novel tone
Response to a novel auditory stimulus was examined using the freezing response to a novel tone. Exposure to a novel tone reduces ambulatory activity and thus elicits a rapid increase in immobility (freezing), which continues even after sound termination in all of the treatment groups examined (Fig. 1) . Onefactor (Drug Exposure) repeated-measures (Testing Condition) ANOVA revealed main effects of Testing Condition (F 2,452 = 115.739, p <0.001), Drug Exposure (F 3,226 =11.269, p <0.001) as well as an Drug Exposure × Testing Condition interaction (F 6,452 =2.993, p =0.007). A novel tone elicited a significantly greater increase in immobility in both the SSRI, and 5-HT 1B receptor agonist exposed groups (130 % and 117 %, respectively) compared to controls. Moreover, the increase in immobility was exaggerated in the two groups, even after the end of tone period, reaching up to 143 % and 180 % higher values than the control group pretone baseline. In contrast, the magnitude of tone and post-tone response was similar across the control and 5-HT 1A receptor agonist exposed groups (Fig. 1) .
Locomotor activity
There were no significant differences in duration of ambulation, immobility, zone of activity, distance travelled, and rearing among the control and the neonatally exposed groups (data not shown).
Juvenile play
There was a significant effect of drug exposure on frequencies of play behavior: Boxing/Wrestling (F 3,197 =7.191 , p <0.001), and Following/Chasing (F 3,197 =9.637, p <0.001) (Fig. 2) although pinning behavior was unaffected by drug exposure (not shown). In contrast, the frequency of stereotypical behavior episodes (F 3,197 =7.068, p <0.001) were markedly increased in the exposed groups compared with the control group. Parallel reductions in the duration of play behaviors (boxing/wrestling, and following/chasing), and stereotypic episodes were also observed in the exposed groups (data not shown). Of interest, a marked reduction in the exploration, as evident by lower rearing counts (F 3,197 =16.331, p <0.001) was observed exclusively in the SSRI exposed group compared to control.
Object conspecific interaction
Response to a novel conspecific animal and preference for investigating a novel animal over a novel object was tested by examining object-conspecific preference at P45. Interaction ratio (IR) was defined as the ratio of conspecific rat contact/ inanimate object contact (i.e., individual contacts made with the Plexiglas wall separating the test rat from the novel object or conspecific rat). Mean comparisons revealed that saline rats interacted with conspecifics about twice as much as the drug-exposed rats (F 3,186 =21.254, p <0.001) (Fig. 3) . The study was repeated at P85 in order to assess if the interaction was stable. The results were comparable with those from P45 (data not shown). 
Freezing response to a novel tone
Exposure to a novel auditory stimulus reduces ambulatory activity and increases immobility (freezing), which continues to increase until after the end of tone period in all of the treatment groups examined. However, rat pups treated with SSRI alone or in combination with a 5-HT 1A receptor antagonist or 5-HT 1B receptor antagonist as neonates exhibited an exaggerated freezing response to a novel tone, suggesting a neophobic response to an auditory stimulus. One factor (Drug Exposure) repeated measures (Testing Condition) ANOVA revealed main effects of Testing Condition (F 2,174 =43.313, p <0.001) as well as an Drug Exposure × Testing Condition interaction (F 6,174 =2.908, p =0.01). Overall, novel tone elicited a significantly greater increase in immobility in the SSRI, SSRI+5-HT 1B or 5-HT 1A receptor antagonist cotreated groups (117 %, 139 %, and 116 %, respectively) compared to the control group pretone baseline. However, unlike the tone interval the magnitude of post-tone response was similar across all treatment groups (Fig. 4) .
Locomotor activity
No significant differences in time locomoting, distance travelled, immobility, zone of activity, and rearing were observed among the control and the neonatally exposed groups (data not shown).
Juvenile play behavior
Neonatally exposed groups showed a significant reduction in the total amount (both frequency and duration) of social behaviors compared to the controls. The frequency of playing activities such as boxing/wrestling (F 3,88 =10.058, p <0.001) and following/chasing (F 3,88 =3.075, p =0.032) were reduced up to Effect of neonatal drug exposure on the number of interactions with conspecific in relation with interaction with object. Data represents the mean ± SEM of the ratio of contacts with the conspecifics enclosure to that of the novel object for SAL (saline; n =68), CTM (citalopram, SSRI; n =56), 8-OH-DPAT (5-HT 1A receptor agonist; n =37), and CGS-12066B (5-HT 1B receptor agonist; n =29) male and female rats. *p <0.05 compared to saline, Fisher's least significant difference test 75 %, within the exposed groups. In contrast, rat pups treated with SSRI alone or in combination with a 5-HT 1B receptor antagonist as neonates displayed an increase in the frequency of stereotypic behavior episodes (F 3,88 =7.264, p <0.001), compared with the control group. However, neonatal treatment with SSRI and 5-HT 1A receptor antagonist completely blocked the effects of SSRI on stereotypic activity suggesting that the stereotypic response resulting from early SSRI exposure requires activation of 5-HT 1A receptors. Corresponding decreases in the duration of rough and tumble play behavior (boxing, and following/chasing) and increases in the duration of stereotypic behavior episodes were also observed in the exposed groups when compared to the control group (data not shown). Interestingly, social situations like juvenile play resulted in a marked decrease in the exploratory rearing behavior (F 3,88 = 2.849, p =0.042) in the SSRI exposed group (Fig. 5) .
Object conspecific interaction
Mean comparisons of the IR (conspecific/inanimate object contact) revealed that the non-exposed rats interacted with the conspecifics up to twice as much as the exposed rats (F 3,74 =11.632, p <0.001) (Fig. 6) . The behavioral deficits in conspecific vs. object preference noted in young rats persisted in to adulthood (P85) (data not shown).
Discussion
In agreement with our previous study , the data presented here indicate that blockade of SERT by CTM during development (PN8-21), produces lasting disruptions of both social and sensorimotor behaviors in a manner analogous to ASD. Furthermore, these data support the hypothesis that increased stimulation of 5-HT 1A and 5-HT 1B receptors plays a significant role in the production of lasting social and sensory deficits in adult animals exposed as neonates to SSRIs. This is initially demonstrated by the lasting sensory and social abnormalities produced by neonatal exposure (PN8-21) to 5-HT 1A and 5-HT 1B receptor agonists in rats. These initial observations were confirmed by the mimicking of these behavioral effects by co-administration of SSRI and 5-HT 1B or 5-HT 1A receptor antagonists, respectively. The lasting social and sensorimotor deficits induced by the SSRI citalopram is most probably the consequence of the increased extracellular serotonin levels resulting from blockade of the serotonin reuptake (Fuller 1994; Malagié et al. 1995; Fabre et al. 2000) . In fact, studies with SERT knock-out mice have demonstrated that developmental inhibition of SERT significantly increases the extracellular serotonin levels in striatum and frontal cortex by 6-and 10-fold, respectively (Mathews et al. 2004 ). Among the receptors at which excess serotonin might act to induce lasting sensory and social deficits, the 5-HT 1A and 5-HT 1B types appeared as the most relevant candidates due to their auto-and hetero-receptor activity and an early developmental expression profile (Hoyer et al. 2002; Azmitia 2001; Bennett-Clarke et al. 1993; Hillion et al. 1994; Salichon et al. 2001 ). Both 5-HT 1A and 5-HT 1B receptors are expressed early in embryonic life in the raphe nuclei and other serotonin terminal sites, and have been implicated in various developmental effects (Azmitia 2001; Bennett-Clarke et al. 1993; Boschert et al. 1994; Hillion et al. 1994; Salichon et al. 2001) . In addition, the 5-HT 1B receptors are transiently expressed in all the sensory thalamic relay nuclei during early postnatal development (Bennett-Clarke et al. 1993; Laurent et al. 2002) .
In terms of localization, both the 5-HT 1A and 5-HT 1B receptors have double localization, existing as inhibitory autoreceptors on the serotonergic neurons (5-HT 1A on the soma and dendrites of serotonin neurons in the raphe nuclei; --------------Citalopram ---------------- Fig. 4 Effect on neonatal drug exposure on locomotor activity in response to a novel tone. Data represent the mean ± SEM of saline (SAL; n =21), citalopram (CTM, SSRI; n =24), CTM+GR 127935 (SSRI + 5-HT 1B receptor antagonist; n =23), and CTM + WAY-100635 (SSRI + 5-HT 1A receptor antagonist; n =23) male and female rats. *p <0.05 vs. SAL, + p <0.05 vs. pretone baseline, Fisher's least significant difference test 5-HT 1B on the axon-terminals), and inhibitory postsynaptic heteroreceptors in the serotonin system's terminal fields (Pineyro and Blier 1999) . Therefore, either direct or indirect activation of 5-HT 1A and 5-HT 1B receptors have dual effects on serotonergic neurotransmission: activation of autoreceptors effectively inhibits 5-HT neurotransmission while, activation of postsynaptic sites, mimics the effects of 5-HT released.
Thus, the overall effect of either direct or indirect activation of 5-HT 1A and 5-HT 1B receptors on signal transfer in target fields represents a combination of decreased release owing to autoreceptor activation and a direct stimulation of the postsynaptic receptors.
The results of the present experiments demonstrate that rat pups, when exposed perinatally to an SSRI as well as direct or indirect stimulation of either 5-HT 1A or 5-HT 1B receptors display disrupted sensory processing, increased stereotypic activity, and impaired social interactions in a manner analogous to that observed in ASD. Compared with the control group, exposed groups displayed an exaggerated freezing response to a novel tone presented early in life, suggesting a neophobic response towards a novel auditory stimulus. Furthermore, in comparisons of juvenile social behavior between control animals and neonatally exposed animals, we found that exposed rats engaged in fewer social interactions with the novel rat compared with control rats. Also, a clear increase in stereotypic behaviors was evident in the exposed rats when compared to the control rats, during the juvenile play investigation. Of interest, lowered exploratory activity during the play behavior analysis was noted solely for the SSRI exposed group suggesting that this response was mediated independent of the two receptor subtypes. The data presented here also demonstrate that social interactions are affected throughout life. When given a choice between a novel object and a novel conspecific animal, neonatally exposed groups, unlike control rats, chose to investigate the novel object over the novel conspecific animal. Moreover, the behavioral deficit in conspecific vs. object preference noted in young animals persisted in to adulthood (PN85). The discrepancy in response to novel tone, for the direct (5-HT 1A receptor agonist) and indirect (SSRI + 5-HT 1B receptor antagonist) stimulation of 5-HT 1A receptor may be due to a small difference in potency between the 5-HT 1A receptor agonist and 5-HT 1B receptor antagonist. Similarly, a small difference in potency between the 5-HT 1B receptor agonist and 5-HT 1A receptor antagonist could have resulted in the discrepancy for the stereotypic response. The effects of neonatal SSRI exposure on social and sensorimotor response behaviors are not likely related to an increase in anxiety-like behavior or exploration because there was no change in either of these behavioral indices in the elevated plus maze (Harris et al. 2012) or zero-maze (data not shown). Our studies are in line with the developmental hyperserotonemia model of autism proposed in the WhitakerAzmitia studies. Specifically, their group reported that exposing developing rat pups, from gestational day 12 to PN20, with a non-selective serotonin agonist, 5-methoxytryptamine, produces many of the social, behavioral, and peptide changes similar to autism (Whitaker Azmitia 2005; McNamara et al. 2008 ). There are many animal studies that provide a strong potential link between hyperserotonemia during early development and ASD. Both MAO-A and A/B KO mice display an array of behavioral, neuropathological abnormalities, as well as tactile and motor deficits similar to that observed in ASDs (Bortolato et al. 2013) . Similarly, early exposure of rats to MAO inhibitors (both MAO-A and -B), throughout development has been shown to produce increase in impulsivity, stereotypic behavior and seizures (Whitaker-Azmitia et al. 1994) . Further, altered cerebellar organization and function has been reported in MAO A hypomorphic mice (Alzghoul et al. 2012 ).
Saline ----------------Citalopram-------------------
On a similar line, rats exposed prenatally to the serotonin reuptake inhibitor cocaine show less interactions in social interaction tasks as juveniles and adults and exhibit impaired ability to sustain attention (Overstreet et al. 2000; Gendle et al. 2003) . However, these effects are comparatively nonspecific and may involve monoaminergic systems other than serotonin. Taken together, these findings suggest that abnormal development of the serotonin system during early development may be one of the most important factors contributing to ASD.
Interestingly, in the present study we did not detect sex differences, and therefore we presented the data together. In previous studies (Weaver et al. 2010; Harris et al. 2012) , the appearance of sex differences after citalopram exposure is dose-dependent. In particular, sex differences in sensitivity to citalopram seem to appear most prominently at lower drug doses. For logistic reasons, the present study used single doses of both citalopram and the 5-HT 1A and 5-HT 1B receptor selective agents. The doses were chosen to be similar to the effects of higher doses of citalopram. Further studies comparing the dose-dependency of the effect 5-HT 1A and 5-HT 1B receptor activation will be needed to determine whether direct stimulation of these receptors reveals a sex difference.
Several potential limitations must be acknowledged in this initial study. Firstly, both 5-HT 1 receptor agonists are used only at single doses and additional studies will be required to determine the dose-response function for these agonists to produce neurobehavioral changes. Similarly, if as hypothesized, the initiating event for the neurobehavioral abnormalities is the early life activation of 5-HT 1A and 5-HT 1B receptors, it is anticipated that simultaneous treatment with a 5-HT 1A and 5-HT 1B receptor agonist should produce similar neurobehavioral abnormalities as SSRIs. In the same vein, it is anticipated that blocking both the 5-HT 1A and 5-HT 1B receptors neonatally, should produce SSRI like effects due to inhibition of the negative feedback signaling. Finally, the rich diversity of serotonin receptors creates many ways by which serotonin could affect developing cells and so the future studies can be directed towards examining the potential role of other serotonin receptor subtypes in mediating the neurobehavioral effects of early SSRI exposure. Nonetheless, these data support the hypothesis that stimulation of 5-HT 1A and 5-HT 1B receptors contributes to the lasting neurobehavioral effects of early SSRI exposure. In totality, these data provide strong evidence that activation of 5-HT 1A and 5-HT 1B receptors during a critical period of development, can result in lasting impairment of social and sensory response behaviors in a manner similar to that observed in ASD.
